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ABSTRACT 

The present invention provides a herbicide-tolerant 
transgenic plant producing Protox (protoporphyrinogen oxidase) 
5 which gives the plant a resistance against DPE (diphenylether) 
-derived herbicide, and a process for preparing the same. The 
process for preparing a herbicide-tolerant transgenic plant 
comprises the step of culturing plant cells transformed with 
a recombinant expression vector containing Protox gene. The 

10 transgenic plant of the invention possesses a resistance 
against DPE-derived herbicide with the help of recombinant 
Protox. Accordingly, the process for preparing the herbicide- 
tolerant transgenic plant of the invention, can be applied for 
the preparation of a variety of plants which are protected from 

15 the phytotoxicity of DPE-derived herbicide by way of 
introducing proper recombinant expression vectors containing 
Protox gene. 
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HERBICIDE— TOLERANT TRANSGENIC PLANT 
Field of thP Invention 

The present invention relates to a novel transgenic plant, 
more specifically, a herbicide-tolerant transgenic plant 
transformed with a recombinant expression vector which gives 
the plant a resistance against diphenylether-derived herbicide. 

Backgro und of the Inventi on 

Phytotoxicity caused by agricultural chemicals, brings 
about the metabolic disorders in transpiration, assimilation 
and dissimilation of plants, which finally leads to abnormal 
growth of the plants. For example, diphenylether (DPE) -derived 
herbicide which is an ether compound having 2 benzene rings 
connected by oxygen, has been widely used for the control of 
weeds, due to its excellent and prolonged weed control 
efficacy; however, there is a serious problem that it also 
produces a phytotoxic effect on the crops of interest. 
Accordingly, there is a need in the art to explore the way of 
protection of the crops of interest from the agricultural 
chemicals including DPE-derived herbicide. 

On the other hand, protoporphyrinogen oxidase (hereinafter 
referred to as "Protox") has been identified from yeast, 
bacteria, mammals and plants (see: Poulson, R. and Polglase, 
W.J., J. Biol. Chem., 250:1269-1274(1975); Poulson, R. et al., 
FEBS Lett., 62:3 51-353 (1976); Poulson, R . , J. Biol. Chem., 



2167228 



2 

251:3730-3733(1976); Jacobs, J.M. and Jacobs, N.J., Biochen, 
J., 244:219-224(1987)). 

Recently, it has been reported that: Protox in the plastid 
of plant cell (hereinafter referred to as »P-Protox») is 
involved in the conversion of protoporphyrinogen to 
protoporphyrin ix and its activity is inhibited by an 
agricultural chemical, DPE-derived herbicide (igg: Matringe, M. 
et al., Biochem. J., 260: 231-235 (1989a) ; Matringe, M. et al., 
FEES Lett., 245: 35-48 (1989b) ; Witkowski, D. A. and Hailing! 
B.P., Plant Physiol., 90:1239-1242(1989); Jacobs, J. M . et al., 
Arch. Biochen,. Biophys., 280:369-375(1990); Camadro, J. M . et 
al., Biochem. J., 267:17-21(1991)); and, therefore, application 
of the DPE-derived herbicide leads to accumulation of 
protoporphyrinogen which moves into out of plastid, i.e., 
cytosol and is oxidized to protoporphyrin IX(see: Jacobs, j.m! 
and Jacobs, N.J. , Plant Physiol. , ioi : 1181-H88 (1993) ) , which 
in turn, on exposure to light and oxygen, generates singlet 
oxygen destroying cell membrane and results in cell death and 
disability (see: Witkowski, D.A. and Hailing, B.P., Plant 
Physiol., 87:632-637(1988); Becerril, J. M . and Duke# S ^ Q ^ 
Plant Physiol. , 90: 1175-1181(1989)). 

On the other hand, it has been also reported that: Protox 
in plasma membrane of plant cell (hereinafter referred to as 
"PM-Protox") confers a resistance against DPE-derived 
herbicide, while it has an activity like P-Protox(see: Lee, 
H.J. etal., Plant Physiol., 102:881-889(1993)); and, PM-Protox 
has biochemical properties which is quite different from those 
of P-Protox, in light of the facts that it is activated by H 2 0 2 
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an d its activity is repress** by catalase (S£ e, I~. »- 

«„ , Aaric FoodChe„., 42,»eiO-2«li(lM4)>. In thl. 

Duke, S.O., J. Agnc. 

connection, it has been Known that Protox genes of ^ 
an d ^ ^ — • proteins of X.X - ,™ 
acids, respective^: Sasarman. ». et a.., can 
Hicrobioi.. M ,x»»-».«»»» — "• 

». Bacterioi.. 1 ,4..0. l -...3(X.~)» ■ wbicb have a resrstance 
ag ai„st OPE-derived herbicide. ^ ^ 

under the circumstances, the presen 

out a series of studies on the preparation of 

actively carried out a senc=> 

transgenic piants which are protected fro, ~ 

• •„ and they successfully prepared a herbicide 
of herbicides; and, tney 

, fl tob acco plant which is resistant against 
tolerant transgenic tobacco pi Drocess 

• herbicide, by employing a process 

a herbicide, DPE-denved herbicide, ny 

which comprises the step of transform a recombinant 
Session vector which contains Protox gene isoiated fro. a 
genomic library of Bacilli subiilis. 

, f nf -h- '■"vntion 

„ accordance with the present invention, it has been dis- 
ooverea that: a transgenic tobacco plant transformed w.th a 

. for Protox is resistant against 

recombinant expression vector for Protox 

a herbicide, i.e.. DPE-derived herbicide. 
. A primary object of the invention is. therefore, to 

' provl ae a herbicide-tolerant transgenic piant transformed wth 
Recombinant vector containing the Protox gene wh.ch g.ves 
the plant a resistance against OPE-derived berbic.de. 
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The other object of the invention is to provide a process 
for preparing a DPE-derived herbicide-tolerant transgenic 
plant.. 

urief Description of D rawings 

The above and the other objects and features of the 
present invention will become apparent fro. the following 
description given in conjunction with the accompanying 
drawings, in which: 

Figure 1 is a stepwise construction scheme of expression 
vector pBPl4; 

Figure 2 is a photograph showing agarose gel electropho- 
resis pattern of the expression vector pBP14 
digested with restriction enzymes; 
Figure 3 (A) is a photograph showing shoots induced from 
the transgenic tobacco cell transformed 
with expression vector pBP14 ; 
Figure 3(B) is a photograph showing root generation from 
the shoots; 

Figure 4 is a photograph showing the Northern blot 

analysis result of mRNA isolated from the 
transgenic tobacco plant of the invention; 

Figure 5 is a photograph showing decolorization patterns 
of the transgenic tobacco leaves treated with 
oxyfluorfen; and, 

Figure 6 is a graph showing chlorophyll contents of the 
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transgenic tobacco leaves treated with 
oxyf luorfen. 



nailed po^riptio r »f ^e Invention 



The present inventors first developed a recombinant 
expression vector P BP14 containing Protox gene isolated from 
a genomic library of Bacillus subtilis and made an attempt to 
prepare a DPE-derived herbicide-tolerant transgenic plant 
transformed therewith by the aid of a mediator, i.e., 
Aarobacterium fiitnp.faciens. 

To isolate Protox gene conferring a resistance against 
DPE-derived herbicide, the inventors amplified Protox gene from 
a genomic library of Bacillus subtilis by employing polymerase 
chain reaction (hereinafter referred to as "PCR") and 
fractionated on agarose gel. A 1.4 kb DNA fragment of 
amplified gene was isolated by unidirectioanl electroelution, 
digested with HindHI restriction enzyme, and then inserted 
into Hindlll-treated pGEM7Zf(+) to give plasmid P BG14 . DNA 
sequence of 1.4 kb DNA fragment was determined and confirmed 
as a Protox gene of Bacillus subtilis. P BP14, a recombinant 
expression vector for Protox, was finally constructed by 
ligating said 1.4 kb DNA fragment with a binary vector pBI121. 

For the expression of isolated Protox gene in plant, 
i q ™*» c terium ^faciens LBA 4404, a well-known mediator for 
plant cell transformation, was transformed with said P BP14 and 
transgenic plant cell was prepared by co-cultivation of said 
organism and leaf disc of tobacco plant. Shoots were induced 
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*ro m the transonic plant cell on Hs selective ^ 
root was generated from sald shoots piant ^ J 

WS **—*•»«' to soi! pot for continuous grouth 

-roper insertion of Protox gene ^ ^ ^ 

t0ba ° C ° ~ "«tlf i- by Southern blot , nalysis 

ana its transcription was also verified bv • 

" lea °y employing reverse 
transcription-Pep. method and Northern blot analysis 

Resistance o, the transgenic plant against DPE-derived 
herbicide was examined by observing the degree of retaining 
inherent color of leaves, which is grounded on the £ act that 

DPE-derived herbicide deprives plant cell of „„* 

^ nt cexi of water and color 

rapidly, a„ a i„ turn br i ngs about cell death (sgfi! Kenyon w.„ 
et al., Pestic. Bicche*. Physiol., 24 : 240 - 25 o ,1,35, ; Kunert, 
*•*■ et al.. Rev . weed Sci., 3 , 35-56 ( i,. 7) , . ^ the lMf 
discs of transgenic tobacco were treated with DPE-derived 
herbicide and decoloration development thereofs were examined 
wrth the „, k ed eye, it was determined that: transgenic tobacco 
Plant was less decolored than non-transgenic tobacco plant 
and the degrees of decoloration in the transgenic plants were 
different fro, each other, depending on their expression leve! 
of Protox. 

Further, when the resistance of transgenic plant against 
DPE-derived herbicide was determined by chlorophyll contents 
of leaves, it was also determined that transgenic tobacco 
Plants retained chlorophyll much more than non-transgenic 
tobacco plant. Accordingly, it could be concluded that the 
transgenic tobacco plants prepared by the invention are 
resistant against DPE-derived herbicide, grounded on the fact 
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that a recombinant expression vector for Prot 

-* 0 P*-aerivea herb ici d e resistance *. tHLT".' 

tr — — * «- action :;;:r~ pu 

5 The present invention is further .„ . 

— whicn shouia J~ ^ * 

scope of the invention. t0 « 

^ii^i: Xsolation of Pr otox g ene 

To isolate Protox ,ene fro n « 9enonlc 

^-te proaucea fro„ 10 „i of > . " 

cnioroform were put i«t-« 
centrif^ationai tu b e ana centrif ug ea at 4 . c 8 000 " ^ 
To the supernatant, so „i of ^^J^" ^ " 
— . -ft unaer ice-cola oonaition Z 7 Z ' 7 
-trif U9e a at a.ooo rp n for 10 mi „. Thepellet " ln ^ ^ 
in X « of SM b uff er( Haci 5 . g/L M 

so„ /Land /;j ; ln 7^ 0 » * - 

resuspenaea in ! ml of EM bu£fer an} ^ — 

- -peatea twice. Th e p^ Z^TT^ 
* or T E - 10 buf fer (1 „ mif TrisHCl (pH "el a j" ^ 
..»)) ana incu b atea at 7 . - c for 5 ' ' EDTA(P " 

carriea out at 15 000 ron t Ce " tri ~°" — 

15,000 rpn, for 2 min . Phenol/cuorofor*,!:! 
v/v) was added with a ratio of 1-ifv/v! t .k 

order to extract Dh supernatant in 

extract phage DNA anH k « 

and 5 ammonium acetate and 
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ethanol were treated to precipitate phage DNA. 

To amplify protox gene fra the p hag e DNA prepare 
together with the creation o, restriction sites of „i„ dII1 an 
BamHI at termini of' the Protox gene, PCR was carried out h 
employing S'-GCCGAAGCTT^ATCCATGAGTGACCGCAAAAA-a . ( SE Q 
" tne ""terminal P rim er an , 
S'-GCCGTCTAGAGTTTTAGCTGAATAAAAT-.MSEQ ID N0:2) „ ^ 

c-terminal primer. Each cycle of per, ., 

01 rcR needed denaturation(9" 
°C, 1 min>, an„ealing(60 *c, l min) and extension (?2 0c ] 

™in>, and to emotive a ra pl if ication were 3Q cycles ^ 
*». amplified DNAs were fractionated on o.e % agarose gel , and 
1.4 Of DNA f ragment was isolated ^ unidirectioani 

electroelution and then digested with HinHTrr 

y uea warn Hindin restriction 
enzyme. pBG14 was prepared fay Ugoting ^ 

p«7„ (+) wlth x . 4 „ indIII Qf 
DNA ligase. 

TO confirm whether the i. 4 ,0, of DHA fragment amplified 
as ahove is Protox gene or not. said pBG14 was introducea ^ 

«. coli and amplification of plasmid followed. E 

coli XM-BU,* was iy sed by alkali to lsoiate pr(>tM • 

Nucleotide seguence of the isolated Protox gene was determined 

by employing Seguenase (USB, USA) SP6 r,r-4«, 

, u* A ) , SP6 primer and T7 primer in 

accordance with Sanger's dideoxv rh a ,' n * 

y s aiaeoxy chain termination method (see: 

Sanger, f. et al.. Proc. Natl. Acad. Sci., VSA . 74!5463 . 5467 
U»77>, . The results confirmed that nucleotide seguence of the 

Protox gene is identical with that of knom in tne art(gss; 

Hansson, M. , J. Bacterid . , 176:5962(19 94 ) ) . 
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EsfflEla_i: Preparation of expression vector pBP14 

To express the Protox gene prepared in Example , masr 
CaKV 35S promoter, about i.4 *b BamH! fraai „ ent o£ protox gene 
was inserted into BamHZ-treated binary vector p BI12l(clontech , 
USA, . Piasmid thus produced was named as expression vector 
PBP14. A construction of P BP!4 is schematically illustrated 
- Fxg. i, „ h ere. Nos. caMV35S, GUS , PPO , B , E> „ ^ s 
represent terminator of nopaline synthase 9 ene. 35S propter 
originated from Cauiiflower mosaic virus, gu S gene, Protox 
gene, BamHI , Ec o R1 . „ indII1 and SacI restriction sites 
respectively. ' 

The expression vector pBP 14 was introduced into competent 
». coli XLi-BLUB treated with Ca« 2 and coionies harboring 
PBP14 were selected. Piasmid was isolated from the colonies 
thus selected, and digested with BamH! and Eco RI to confirm the 
Proper cloning of Protox gene in forward direction. Pig 3 
sbowe a gel electrophoresis pattern of pBPi< digested with 
BamHI or Eco RI on ... %(w/v) agarose gel _ in ^ ^ ^ j 

and 2 represent expression vector P BP14 digested with Ec= RI and 
Bam*!, respectively, and, lane 3 represents ADNA digested with 
Hindni/BcoR! as a molecular marfcer. as can be seen in Fig 
3. xt was clearly demonstrated that the Protox gene was exactly 
cloned into the expression vector pBP14. 

E*Uffil^3: Preparation of Agrobacterium mediator for piant cell 

transformation 
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Freeze-thawing method was employed to transform 
Aqrobacterium tumefacienn LBA 4404 with pBP14 prepared in 
Example 2 (see: An, g. et al., Plant Molecular Biology Manual, 
Kluwer Academic Publishers, A3: 1-19 (1988) ) . To select 
Aqrobacterinm tumefaciens LBA 4404 duly transformed with pBP14, 
plasmid DNA was isolated from the organism by quick-screening 
method(see: An, G. et al., Plant Molecular Biology Manual, 
Kluwer Academic Publishers, A3 : 1-19 (1988) ) and digested with 
BamHI. Aqrobact.Prinm tumefacjens LBA 4404 transformed with 
PBP14 was deposited with an international depository 
authority (IDA), the Korean Collection of culture and 
Microorganism(KCCM) on October 6, 1995 as deposition No. KCCM- 
10073. 

Aqrobact.erinm tumefacions LBA 4404 transformed with 
PBP14(KCCM-1 0 073), a mediator for plant cell transformation, 
was cultured in a shaking incubator at 28'C, 200rpm for I8hrs. 
After cell culture, said cells were harvested, emulsified with 
MS medium to the concentration of i to 2 x lo 3 cells/ml and 
employed for plant cell transformation. 

Example 4 : Preparation of transgenic tobacco plant 
Example 4-1 : Transformation of tobacco cell 

A tobacco plant, Njcotiana tabacum cv. xanthi, for 
transformation was prepared as follows: tobacco seed was 
sterilized with 70 % (v/v) ethanol for 5 min and 50 %(v/v) 
bleaching agent for 20 min, respectively, washed with distilled 
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water 3 times and incubated on MS i»«h 

*« 1 — * incubator were chopped ln ; — *~ 

- th. t r a„ sforaa „ ts were I " : PBP14 for 30 

containing x .„ ng/1 """"^ « » -«» 

9/ J. BAP(6-ben Z yiamino purine i « 
NAA (a— naphthalene acetic acid, at 26 . c for ^ "* ^ ^ 
> condition. 8 hrs under a dark 

26-C, with 16 hrs lioht, k . temperature of 

nrs light (about 3000 i UX ) an rt « k 

Fig. 3 (Ai > . hrB dark <*°1« 

^ 3(A)). The induced sh 

generation by incubation on MS b as • ^ 

were examined a days after , ^ ^ 

ays after incubation (see: Fio 3 , R1 , 

rootea tob °~° transf erred t - u ^ 3 (B ' > • Th « 

for later use. P ° tS and ^apted 

• - n t ifioation of ^ _ ^ ^ 

tobacco plant 

To determine whether Protox g M . was Dron , 

tobacco genoae or not gen ■ * """^ *» 

not, genomic DNA waq i ^ , 

— and P CR „ as carl t T ^ ^ 
and -GCCGAAGCTTGGATCCGTTTTAGCTGAATAAAT- 3 ^ 
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(SEQ ID NO:3) as the C-terminal p rimer £ach 
needed denaturation (95 » c , ^ ° f * 

extension^ o c 2 ' ' * ' '~ lin '^ » -in, an 

(72 c, 2 mm, , and to effective amplif ication we 
cycles required ' Th« 9tlon were 4 

qu red. The ampllfied DNAs were subjected t 

5 electrophoresis on 0 8 , "Jected t, 

on 0.8 % (w/v) agarose gel 

fragment of 1.4 *b was detected. 

To confirm whether said 1 4 kb nua * 

-<-a j.,4 kb DNA fragment is the Pro*-™ 
£ or no t the a „ pllfiea DMAs _ - 

r — - — - - « - -r; ;:::: t :; ln : :: 

genome of transgenic tobacco. clones 3 „ 

-»*~ gene expresslon ln ^ ^^^^^ ^ ~ *™ 

™^1= 0e t e ralnation of Protox gene expression ^ 
transgenic tobacco plant 

To determine whether Protox a * ne > < 
in the • Properly transcribed 

the transgenic tobacco plant or not total 
of the c]nn« o cellular mRNAs 

Clones 3 a „d 16 selected 

transgenic tobacco plant (control, were ' / n ° n " 

Po^Ttract system .OOO.rome a / ^ ^ ^ ^Z" 10 "" 9 
^ * ' UtoA ' and cDNAs were 

synthesi 2 ed therefrom by reverse «. 

reverse -transcription pgr using 
GeneAmp rna PCR Core Kit ( Perkin _ Ellner ^ 

Prom +», , r ' USA >' respectively. 

From the electrophoresis pattern of ^ 

P "em of the amplified cDNA on 1 
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<•/*) a 9arose gel , . faana Qf 
» "one, 3 and 16 WWch f «^ent „ as deteot , 

-~- in t„e transgenic tobaocQ " «" «- Proper 

**- t„ e transgenlo tobacco m, HK, „ as isolate 

. 9a rose gel cont ainlng 10 > fo on a S(w/v; 

— — transferr ; d t ; ;: raa d id ^- fractlonate , 

to Hybond»N+ Nvi^ 
^..tion Kas follwed by ana , 

°< — in Ex :j n : : Hindi11 f ~ 

connection, tne probe was " * *» «>,. 

-<-»*a a . USA) and labellad ^ — tion 

Fl 9. 4 is a p hotograph sh 

<• *~ , ls ^ from non _ t J sg ;;j; b ;~° - Fig . 

— — t rans9enio tob I cc ;° ;; ba ;;°- — » « 3 

respective, and , arrow r C1 °"~ 3 and 16 , 

— 4. both ot lanes 2 « As oan be 

.* the aame Posit i„„. „ Mle no band ;;7 • « — ^ 
„ t lane 1; and> ^ leve ;;; h c 7;; - —-^c 

that of clone i 6 . °" e 3 is hi ^er than 

As clearly illustrated in th 
transcription pc R and Northern ^ * r ~ ttlt - of "verse- 
that the Protox gene v a « e an alysis, it was p resumed 
* gene was successfully trance 

ln the — <— — . ij:;;:;;;;; nd — 
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Example 4-4 : Determination of resistance against oxyfluorfen 

Resistance of transgenic tobacco plant against a DPE- 
derived herbicide, oxyfluorfen, was determined by examining the 
5 degree of decolorization with the naked eye. Leaves under the 
same growth stage were taken from the transgenic tobacco plant, 
to cut into a size of 6 mm in diameter. Oxyfluorfen was 
applied with various concentrations on the surface of leaf 
discs which were downward, and subjected to a dark condition 

10 for 2 hrs. The leaf discs stood for 48 hrs under a light 
condition and the degree of decolorization was examined with 
the naked eye ( see ; Fig. 5). 

Fig. 5 is a photograph showing decolorization patterns of 
the transgenic tobacco leaf discs treated with oxyfluorfen. 

15 As shown in Fig. 5, transgenic tobacco leaves were decolorized 
partially or mildly, while non-transgenic tobacco leaves were 
decolorized severely at 10" 4 M, 10" 5 M and 10* 6 M of oxyfluorfen. 
The degree of decolorization was different from each other 
depending on the expression level of Protox gene in the 

20 transgenic plants, which was closely correlated with the 
results of Northern blot analysis, i.e., leaves of Clone 3 
which showed higher expression of Protox were less decolorized 
than those of Clone 16. 

Further, decolorization of the transgenic tobacco plant 

25 was also examined by measuring chlorophyll contents of leaves: 
chlorophyll was extracted with 80 % (v/v) acetone from the leaf 
discs, and absorbance at 665 nm and 649 nm was observed. Total 
chlorophyll content was determined by a formula as below and 
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the results were illustrated in the graph of Fig. 6. 

Total chlorophyll content (fig/ml) = 6.45 x A^ + 17.72 x A W9 

As can be seen in Fig. > 6, transgenic tobacco plants 
revealed much higher levels of chlorophyll than non-transgenic 
tobacco(con) ; and, Clone 3 (#3), in particular, showed higher 
level than that of Clone 16 (#16). As demonstrated in the 
results of examination with the naked eye and measurement of 
chlorophyll content, it could be concluded that the expression 
of Protox gene gives a resistance against oxyfluorfen on the 
tobacco plant transformed with the recombinant expression 
vector which is capable of expressing Protox. 

As clearly illustrated and demonstrated above, the present 
invention provides a herbicide-tolerant transgenic plant 
producing protoporphyrinogen oxidase (Protox) which gives the 
plant a resistance against DPE-derived herbicide, and a process 
for preparing the same. The process for preparing a herbicide- 
tolerant transgenic plant comprises the step of culturing plant 
cells transformed with a recombinant expression vector 
containing Protox gene. The. transgenic plant of the invention 
possesses a resistance against DPE-derived herbicide with the 
help of recombinant Protox. Accordingly, the process for 
preparing the herbicide-tolerant transgenic plant of the 
invention, can be applied for the preparation of a variety of 
plants which are protected from the phytotoxicity of DPE- 
derived herbicide by way of introducing proper recombinant 
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expression vectors • . 

rs con taining Protox 
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What is claimed ig ? 



1. A herbicide-tolerant transgenic p lan t transformed with 
a recombinant expression vector containing Protox 
(protoporphyrinogen oxidase) gene which gives the plant a 
resistance against DPE (diphenyl ether) -derived herbicide. 



2. The herbicide-tolerant transgenic plant of claim i, 
wherein the recombinant expression vector is P BP14 which is 
capable of expressing Protox (protoporphyrinogen oxidase). 

3. The herbicide-tolerant transgenic plant of claim 1, 
wherein the Protox (protoporphyrinogen oxidase) gene is 
originated from Bacillus subtil is . 

4. The herbicide-tolerant transgenic plant of claim 1, 
wherein the plant is tobacco. 

5. A process for preparing a herbicide-tolerant transgenic 
plant, which comprises the step of culturing plant cells 
transformed with a recombinant expression vector containing 
Protox(protoporphyrino g en oxidase) gene which gives the plant 
a resistance against DPE (diphenylether ) -derived herbicide. 

6. The process of claim 5, wherein the plant cells are 
transformed with the recombinant expression vector by the aid 
of Aqrobacterinm tumefaciens LBA 4404 transformed with a 
recombinant expression vector P BP14 (KCCM-10073 ) . 
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